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Background and Objectives: Nanocomposites have garnered significant
interest for their ability to combine the unique properties of nanomaterials
with polymer matrices. This study examines the influence of nanographene
and wood flour content on the physical, mechanical, and thermal properties
of nanocomposites made from spruce wood flour and recycled
polypropylene. Nanographene is evaluated as a potential reinforcement for
enhancing the mechanical and thermal performance of these composites.

Materials and Methods: Composites were prepared using recycled
polypropylene (fixed at 50%), spruce wood flour (fixed at 50%),
nanographene at four loading levels (0, 0.5, 1, and 1.5 wt%), and maleic
anhydride grafted polypropylene (fixed at 3%). The components were
compounded using a twin-screw extruder, and standard specimens were
produced by injection molding. Mechanical properties, including tensile
and flexural strength, tensile and flexural modulus, and impact resistance,
along with thermal and flammability characteristics, were evaluated
according to ASTM standards.

Results: Analysis of variance indicated that nanographene content did not
significantly affect tensile modulus, flexural resistance, or impact
resistance at a 95% confidence level. However, it exerted a significant
influence on tensile strength, flexural strength, and oxygen index.
Increasing nanographene content up to 1 wt% improved tensile strength,
flexural strength, tensile and flexural modulus, and impact resistance.
In contrast, a 1.5 wt% loading led to a reduction in these properties.
Moreover, higher nanographene content resulted in increased residual ash
and improved thermal stability.

Conclusion: The incorporation of graphene nanoplatelets and wood flour
significantly influences the physical, mechanical, and thermal behavior of
recycled polypropylene, based nanocomposites. A nanographene content of
1 wt% enhances mechanical properties due to improved interfacial
adhesion and dispersion within the polymer matrix. However, at 1.5 wt%,
agglomeration and non-uniform distribution of nanographene weaken the
composite structure and reduce performance. Increased nanographene
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loading also improves thermal stability and char formation, contributing to
flame retardancy. These findings underscore the importance of optimizing
nanographene content and dispersion to achieve balanced and enhanced
composite properties, supporting the efficient design and manufacturing of
wood-polymer nanocomposites for advanced applications.
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Table 1. Specifications of maleic anhydride grafted polypropylene.

(9/10min) i oL o asls
Melt flow index (g/10min)

(griem®) J&

0.965
Density (gr/cm®)

I F S Olasie -2 Jyus
Table 2. Specifications of nanographene.

(rﬁfcfjld)g_ﬁ;-\.w.& (ujjg.:a)_)la:e (J;A};L)g_,.d\;u.p (.LDJJ)U.;}J;- g{:) (MZ/g)aﬁjcla.w
Area (m?/g) Diameter Thickness (nm) Purity (%) Color Specific surface area
olew
300 3-7 60 98.5 . More than 15
Black
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Table 3. Percentage of composite parts in different treatments.
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Table 4. Analysis of Variance (F Value and Significance Level) of the Effect of Nano Graphene on Resistances.
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Figure 1. Independent effect of nanographene on tensile strength (a) and tensile modulus (b).

67



1404 3 b)lmu:v 32 2,93 ‘Ji‘*? 999> ‘_;,,L‘é 9 ,09.'.9 dlhu,uh’)a Q)m

5 o Abe Rl S caslis sy 0/8
S Caaslis Ao ;35 b 2l S 055530 L 0Tl e
(14) b o tals

oull s das e O g ) mls
iS Jsde (o35 Ao LU L3S 5Ll
oRSen Jdsa B el A Gl sl
REPE U S TN B W
5 U s 5 ey Glae s S5 RalS
(S $6 Aoy U5 0sy38 L dl- il 35 e
PR (23S Jsde (S 5L 0 S s«
O o A S 5L e 8 3 Ak
oA Ll e S 2l a3 5Ll
g A= opl oS v.alfé [ Cwslie 5 Jse
s eks e a5l el bess
S s @5 oSl s SU e o (S
(28) 5)ts L3 b Ll 5 5 il

o 033 g sLls 1S 5L &S 0TSl
SSan 3L sl 3 slse 5l eslizal cel VL
25,5 dode a8 5 0d IS 4 e o
Loy jamlS 52 1S 5L Jlade (iluine (nl b
ol okl (S ol @ plaes ln
ol U sls (6 5685 (i 0 S 5 ol 052
SU O IS 5l S sl s caslie (I o
(16) 555 13
FP-VERL PRVRPICIN P K I LR
e Sl palie s - slan (o Sls O g5
SosbOler oy F Cilies o5 S a3 15 (515 5L
e Saslie (St S e sdalie S s S
46/16 . (315 5L aos D) S5 4 by
S5 a by O i S 5 IS
2l e JSLL K 4075 L (1 S 56 as 55 0)
() 2 s

68

bl w38 4 e GS S0 slie 2l
Slo i JuShnn s wie) il s Wl
Sl gy 8 sshs Sl 5 IS SU
Slade il b .@) 53 8 o LS Cwslis als
Ol S e o 15 B Bl S gL
S aslie s Sl s IS L
o4 Odd sl b e RS esluis
Sl Lol Ole alols rals 5 slpe 2l oSI5
BERRN QS/J.;S\J,; Loy g2 S K¢ Al oo
‘(.5 ol s Sl cd gz el lads s
bcle Shoesr 5 G35 56 GV oy
3 Ll 2y g0 (IS oSl (1 g ey
e S 5L Dlmio 04 035 VL slis
(10) 3 8 o o228 oSl 2als

Sakol b S sU Slbio (ol polie s
lols ol (318 e (Tl L Ll iyl 3 s
) o3 e Sl e S 4 asl tals
OAS eag el IS St Rl e
SRS bl fa s ol ) 5 Slio
A6 (1) spae Sl s o S
St il SO ol » 5L sl
ot g (JSE sl il il 4 el
Lol Jlasl o s 5 51U slsn CokS 5 e 5 a5
(12) 505 u-<- kb

Sheslial 5 osludar LIS Caglie 158
o pae Coles 4 1S GU S5 ey ]
Sl e se (S onl s e els o O SV
5 ek o 6P Sk 5 b S ke mhe
SaS ladir Caglie (I 4 S 55 0 s
Cuaslie gyl 91 S 6L glad ges (13) uS
oS Zaglis s 4 oS dnes S0ml A8
S Wlosls VLS OL8 yhass .l 318 50 (VL
U losnidh osledar 2 315 doss Al L



et 05 0 5 ol ;310081 ine /. (Sila 3 1> ol 9

(RS 56 a0 0) s @ bppe OF i Ao D) S5 4 by e e S
(22 s wsb e JISLLIKL 3809/1 RS 5 JSLLKe 4057/01 Ly (318 sU

a
b
1 1/5

0 0/5 1 1/5

P Pl ey
Nano Graphene (%)

b

40
35
30
25 A
20 -

15 -

(MPa) o OPNER
Flexural Strength (MPa)

10

0 0/5
REFLP R
Nano Graphene (%)
il

(MPa) jws Jous
Flexural Modulus (MPa)

e

(D) Ghad dgte 5 (W) e Cuglis p o315 56 Jis 50 -2 Ko
Figure 2. Independent effect of nanographene on flexural strength (a) and flexural modulus (b).
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Figure 3. Independent effect of nanographene on impact resistance.
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Figure 4. Independent effect of nanographene on limited oxygen index.
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